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2310398 

Title Of The Invention 

HEAT-ACTIVATED LABEL AND 
PROCESS FOR PRODUCING LABELED MOLDED ARTICLE 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a heat- 
activated label exhibiting high adhesion and a highly- 
productive process for producing a labeled molded 
art ic le . 

Description of Related Art 

Heat-activated labels having an adhesive layer 
mainly comprising an ethylene copolymer are known. In 
order to lower the temperature at which the adhesive 
action of these labels is activated* it has been a 
common practice to lower the melting point by increas- 
ing the proportion of comonomers in the ethylene copo- 
lymer. Components copolymer izable with ethylene which 
are generally used include vinyl acetate, ethyl 
acrylate, acrylic acid, and methacrylic acid (see, for 
example, Japanese Patent Laid— Open No. 2-258556). 
Sufficient reduction in melting point has been achieved 
in this manner to obtain satisfactory low-temperature 
adhes ion . 
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However, when the label is to be adhered to an 
olefin resin molded article, compatibility to the 
molded article is reduced as the melting point decreas- 
es with an increase of the comonomer only to give poor 
adhes ion . 

In order to improve compatibility to an olefin 
resin, it has been proposed to use, as an adhesive 
component, an et hy 1 ene-a-o lef in copolymer which is 
obtained by copo 1 yme r i z ing ethylene and an a-olefin 
comonomer using a conventional Ziegler-Natta catalyst. 
However, when the e t hy 1 ene-a-o 1 ef in copolymer is pre- 
pared using an increased amount of an a-olef in in order 
to reduce its melting point to 50 to 80*^0, the result- 
ing copolymer contains an increased proportion of low- 
molecular components. Such a copolymer has stickiness 
or causes blocking, making handling of the resulting 
heat-activated adhesive label difficult. 

Labeled molded articles have been conventional- 
ly obtained by in-mold labeling^^ in which molding is 
performed in a mold into which a label has previously 
been placed. The problem associated with in-mold 
labeling is that the mold must be cooled for a suff- 
iciently long time because the thickness of the label 
added to the thickness of the molded article reduces 
the cooling efficiency. Also, if the temperature at 
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which the molded article is removed from the mold is 
too high, the label develops blisters. Therefore, the 
molding cycle for in-mold labeling is generally long, 
causing a productivity problem in the production of 
labeled molded articles. 

In order to improve productivity in in— mold 
labeling, one approach generally taken is to set the 
molding temperature (resin temperature) low to decrease 
the quantity of heat possessed by the molded article in 
the mold and to shorten the mold cooling time, i.e., to 
remove the molded article while at a relatively high 
temperature in the molding cycle. 

When a heat-activated label using the above- 
described conventional adhesive having a reduced 
melting point is used to assure sufficient adhesion at 
a low molding temperature, the adhesive is re— melted by 
so— called heat— backing . This, however, causes blisters 
because of the short cooling time and the high tempera- 
ture at the time of removal from the mold. On the 
other hand, if the adhesive used has a high melting 
point so as to prevent blistering even at a high remov- 
al temperature, it exerts reduced adhesion at a low 
molding temperature . 

Various proposals have been made for in— mold 
labeling or in— molding labeling techniques in order to 

3 
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suppress blistering even when molding is performed in a 
short cycle. 

For example, Japanese Patent Laid-Open No. 5- 
8289 discloses a process for producing a labeled hollow 
container wherein the adhesive layer of the label com- 
prises a mixture of at least two resins having differ- 
ent melting points satisfying specific conditions. 

According to the disclosure, the resin having a 
higher melting point undergoes setting at a high tem- 
perature and therefore acts to inhibit blistering even 
when the container is removed from the mold at a high 
temperature, while the resin having a lower melting 
point melts at a low temperature and therefore serves 
to maintain adhesiveness at a low molding temperature. 

Even with such an adhesive, the high-melting 
component still interferes with adhesion of the label 
to the molded article in low— temperature molding, and 
the low-melting component still causes blisters in 
high-temperature removal from the mold. Thus, the 
adhesive causes insufficient improvements in productivi- 
ty. 

Japanese Patent Laid-Open No. 5-24048 discloses 
a process for producing a labeled container wherein a 
labeled container taken out of the mold after a short 
cooling time is quenched to a temperature below the 

4 
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crystallizing or softening point of the adhesive imme- 
diately after removal from the mold. 

It is suggested that the quenching can be 
carried out by spraying water or cooling air or by 
cooling in a mold provided for supplementary cooling. 
According to this proposal, although development of 
blisters is suppressed, a cooling system should be 
incorporated into a general molding machine, making the 
production equipment larger and more complicated, which 
ultimately results in a reduction in productivity and 
an increase in cost. 

Additional proposals have been made aiming at 
improvement in adhesion or prevention of blisters 
(e.g., Japanese Patent Laid-Open Nos. 4-4121, 4-4130, 
4-29184 and 4-359284 and Japanese Patent Publication 
No. 6-70736), but none of them succeeded in achieving 
sufficient improvements in adhesion or sufficient 
reduction in the molding cycle. 

Further, a labeler adhesion method has also 
been used for producing a labeled molded article, in 
which a heat-activated label is activated by heating 
with a labeler equipped with a heating system and the 
heated label is stuck to the surface of a previously 
prepared molded article while the adhesive layer of the 
label retains adhesiveness (remains activated) - 
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In the labeler adhesion method, the adhesive to 
be used in the heat-activated label should have a low 
melting point in order to be activated at a temperature 
that is as low as possible. If the melting point is 
reduced by using the above-described comonomers, such 
as vinyl acetate, ethyl acrylate or (meth)acryl ic acid, 
the adhesive will have a broadened range of melting 
point and increased polarity. The label then tends to 
cause blocking before being activated. In other words, 
the labels placed one on another stick to each other 
and are difficult to feed individually. 

The labeler adhesion method also has the fol- 
lowing disadvantages: the label has weak adhesion after 
it is adhered to the molded article and needs time for 
the adhesive to set; the label edges tend to release 
from the adherent when the labeling speed is high, and 
cooling is insufficient. 

In brief, it has been impossible for conven- 
tional heat— act ivated labels to obtain high adhesion to 
various molded articles, including olefin resin molded 
articles, at a low temperature and to produce a labeled 
molded article at a high production speed by means of a 
conventional molding machine. When adhered by means of 
a labeler equipped with a heating system, the conven- 
tional heat-activated labels involve the problem of 
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blocking and poor adhesion after labeling. 



SUMMARY OF THE INVENTION 
Accordingly, one object of the present inven- 
tion is to provide a heat-activated label which exhib- 
its excellent adhesion at a low temperature and does 
not cause blocking. 

Another object of the present invention is to 
provide a process for producing a labeled molded arti- 
cle which can be carried out with a greatly reduced 
molding cycle, even with conventional equipment, for 
in-mold labeling . 

A further object of the invention is to provide 
a process for producing a labeled molded article which 
is free from such problems as label release from a 
molded article when adhered by means of a labeler. 

These and other objects of the present inven- 
tion have been satisfied by the discovery of a heat- 
activated label which comprises a substrate and an 
adhesive layer provided on the back side of the sub- 
strate, wherein the adhesive used in the adhesive layer 
comprises an ethylene-a-olef in copolymer obtained by 
copolymer izat ion of ethylene and an a-olefin in the 
presence of a catalyst comprising a metallocene com- 
pound. 

7 
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The present invention also provides the above- 
described heat-activated label, in which the melting 
point of the ethylene-a-olef in copolymer is from 50 to 
80*'C, and the label is to be heated and then stuck to a 
previously prepared molded article. 

The present invention also provides the above- 
described heat-activated label, in which the melting 
point of the ethylene-a-olef in copolymer is from 70 to 
lOO'C. and the label is to be inserted into a mold for 
in— mold labeling. 

The present invention further provides a pro- 
cess for producing a labeled molded article, which 
comprises heating a heat-activated label in accordance 
with the present invention and sticking the heated 
label onto the surface of a previously prepared molded 
article (hereinafter referred to as a first process). 

The present invention further provides a pro- 
cess for producing a labeled molded article, which 
comprises producing a molded article by using a mold in 
which a heat-activated label in accordance with the 
present invention has previously been inserted (herei- 
nafter referred to as a second process). 

The present invention also provides the above- 
described processes for producing a labeled molded 
article, in which the labeled molded article is a blown 

8 
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container, wherein at least the side of the container 
having the label thereon comprises a polyolefin resin. 

The heat-activated label according. to the 
present invention has excellent adhesion at low tem- 
peratures and does not cause blocking. 

The processes of the present invention for pro- 
ducing a labeled molded article make it feasible to 
markedly reduce the molding cycle even when using a 
conventional in-mold labeling machine and does not 
cause such problems as label release when labeling is 
conducted by means of a labeler. 

BRIEF DESCRIPTION OF THE FIGURE.^ 
A more complete appreciation of the present 
invention and many of the attendant advantages thereof 
will be readily obtained as the same becomes better 
understood by reference to the following detailed 
description when considered in connection with the 
accompanying drawings, wherein: 

Fig, 1 schematically shows an embodiment of the 
first process, for producing a labeled molded article 
according to the invention. 

Figs, 2(a) and 2(b) schematically illustrate an 
embodiment of the second process for producing a la- 
beled molded article according to the invention, in 

9 
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which Fig. 2(a) shows the state before blowing, and 
Fig. 2(b) shows the state after blowing. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The heat-activated label of the present inven- 
tion comprises a substrate and an adhesive layer pro- 
vided on the back side of the substrate wherein the 
adhesive used in the adhesive layer comprises a specif- 
ic res in . 

Within the context of the present invention, 
the term " heat — act ivated label" is intended to mean a 
label (preferably with various pieces of information 
printed on the back side thereof), having an adhesive 
layer that is melted and shows tack( i.e., is activat- 
ed), on heating at a temperature above room temperature 
but is in a solidified state with no tack before heat 
ac t ivat ion ( i . e - , at room temperature), and therefore 
can be stored and handled without using release paper 
or other release agents. 

The heat-activated label of the present inven- 
tion can be adhered to a molded article, for example, 
by a labeler adhesion method in which a heat— act ivated 
label is adhered to a previously prepared molded arti- 
cle and an in-mold labeling method in which a resin is 
molded in a mold in which a heat-activated label has 

10 
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been inserted, and the heat-activated label is activat- 
ed by the heat of the resin and adhered to the molded 
article . 

Suitable substrates for use in the present 
invention include papers, synthetic papers (e.g., 
stretched films comprising a resin and an inorganic 
filler), stretched or unstretched plastic films (e.g., 
stretched or unstretched films of polyethylene resin, 
polypropylene resin, polyester resin, polystyrene 
resin or polyamide resin), and nonwoven fabrics. 

When the heat-activated label is used in in- 
mold decoration, especially or the production of thin- 
wall articles, the substrate is preferably made of a 
material having such dynamic physical properties that 
it shrinks at a percent shrinkage near that of the 
molded article or it can follow the shrinkage of the 
molded article (e.g., a relatively small modulus.) • 
More specifically, an unstretched film of a polypropy- 
lene resin or a polyethylene resin is preferably used. 

The substrate may have a structure with several 
divided layers or may be a composite laminate of dif- 
ferent materials. 

Where the substrate is disposed as an outermost 
layer, it is preferably subjected to antistatic treat- 
ment. An antistatic treatment can be carried out by 
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applying a known antistatic agent to the surface or 
adding an antistatic agent to the material forming the 
substrate- The amount of the antistatic agent, when 
added to the substrate forming material, is arbitrary 
but is preferably chosen to give a concentration that 
will not impair the adhesion to the adhesive layer and 
the printed layer described hereinbelow. 

The surface of the substrate to be printed is 
preferably subjected to a surface treatment for improv- 
ing pr intab i 1 i ty , such as a corona discharge treatment. 

A heat insulating material, such as a foamed 
plastic, may be used as a substrate or part of a sub- 
strate in order to prevent the heat, once applied to 
the adhesive layer for activation, from being conducted 
to other members in contact with the label, such as a 
mold in in-mold labeling or a drum of a labeler in post 
labeling. Such loss of heat results in reduced activa- 
tion efficiency. 

The substrate preferably has a thickness of 40 
to 200 p.m, more preferably 60 to 150um. If the thick- 
ness is smaller than 40 p.m, the label has poor bending 
stiffness and is difficult to stick to a molded article 
or to insert into the mold cavity. A substrate thick- 
ness exceeding 200 \im tends to cause blisters, espe- 
cially in in-mold labeling. 

12 
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Printing of various pieces of information on 
the substrate can be carried out using any conventional 
printing method, such as gravure printing, offset 
printing, flexographic printing, and screen printing, 
without any particular restriction. 

The specific resin which can be used as an 
adhesive of the heat-activated label of the present 
invention is an e thy 1 ene-a-o 1 ef in copolymer obtained by 
copolymer izing ethylene and an a-olefin in the presence 
of a catalyst comprising a metallocene compound (herei- 
nafter referred to as MPE) . 

Suitable a-olefins which can be used in MPE 
include those having 3 to 20 carbon atoms, such as 
propylene, 1-butene , 1-pentene, 1-hexane , 1-octene , 1- 
heptene . 4-methy l-l-pentene , 4-raethy 1-1-hexene , 4,4- 
dimethy 1-1-pentene , octadecene and isooctene. Of these 
1-hexene, 1-octene, 1-heptene, and 4-methy 1-1-pentene 
are preferred. These a-olefins can be used either 
individually or as a combination of two or more. 

The amount of the unit derived from the a- 
olefin preferably ranges from 5 to 30% by weight in the 
total copolymer. 

In particular, the amount of said unit is more 
preferably from 10 to 25% by weight for 

obtaining a heat-activated label for use in the above— 
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described labeler adhesion method, and from 5 to 20% by 
weight for use in in-mold labeling. 

If the amount of the unit derived from the a- 
olefin is lower than the above lower limit, the adhe- 
sive tends to exhibit insufficient adhesion, requiring 
high-temperature activation or molding. If it exceeds 
the above upper limit, the adhesive tends to cause 
blocking or blistering. 

The catalyst system of the present invention 
can be a system consisting solely of a metallocene 
compound or a system comprising a metallocene compound 
as a main catalyst component along with a co-catalyst. 

Useful metallocene compounds include those 
having at least one cyclopentadieny 1 skeleton as repre- 
sented by formula (I): 



wherein M represents a transition metal selected from 
the group consisting of Zr. Ti , Hf , V, Nb , Ta. and Cr ; 
L is a ligand coordinating to the transition metal and 
represents a group having a cyclopentadienyl ring, a 
hydrocarbon group having 1 to 12 carbon atoms, an 
alkoxy group having 6 to 12 carbon atoms, an aryloxy 
group having 6 to 12 carbon atoms, a t r i al ky 1 s i 1 y 1 



14 



.231039BA_»_> 



group having 3 to 12 carbon atoms, an SO3R group (wher- 
ein R represents a hydrocarbon group having 1 to 8 
carbon atoms which may have a substituent, such as a 
halogen atom), a halogen atom or a hydrogen atom; x 
represents the same number as the valence of the tran- 
sition metal; when a plurality of the ligands (L) 
coordinate, the L's may brr the same or different pro- 
vided that at least one o :-: <»m is a eye lopentadieny 1 
ring containing group: i.e., m x is 1, L is a group 
having a eye lopentadi eny 1 ring; and when x is 2 or 
greater, at least one of the L*s is a group having a 
eye lopentadi eny 1 r ing ♦ 

Illustrative examples of the group having a 
eyclopentadieny 1 ring ^^e alky 1-subst i tuted cyclopenta— 
dienyl groups, such as yc lopentadieny 1 , methylcyclo— 
pentadienyl , dimethyleyc lopentadieny 1 , t r imethy Icyc lo- 
pentadienyl , tet ramethy Icyclopentadienyl , pentamethyl- 
eyclopentadieny 1 , ethy Icyclopentadienyl , methyl ethyl ey- 
clopentadieny 1 , propy Icyclopentadienyl , methy Ipropy 1- 
eyclopentadieny 1 , buty Icyclopentadienyl , methy Ibuty Icy- 
clopentadienyl . and hexy Icyc lopentadieny 1 ; an indenyl 
group, a 4 , 5 , 6 , 7 - t e t r ahy d r o i nde ny 1 group, or a 
fluorenyl group. These groups may be substituted with 
a halogen atom, a tr ialky Isi lyl group, etc. 

Of the above— enumerated groups having a cyclo— 
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pentadienyl ring, an alky 1-subst i tuted cyclopentadieny 1 
group is particularly preferred. 

Where the metallocene compound represented by 
formula (I) contains two or more groups having a cyclo- 
pentadienyl ring, two of the groups having a cyclopen- 
tadienyl ring may be linked together via an alkylene 
group, such as ethylene or propylene; a substituted 
alkylene group, such as i sopropy 1 i dene or diphenyl- 
methylene; a silylene group; a substituted silylene 
group, such as a dimethyls i lylene group, a diphenylsi- 
lylene group or a methylphenylenesi lylene group. 

The hydrocarbon group having 1 to 12 carbon 
atoms includes an alkyi group, such as methyl, ethyl, 
propyl, isopropyl or butyl; a cycloalkyl group, such 
as cyclopentyl or cyclohexyl ; an aryl group, such as 
phenyl or tolyl; and an aralkyl group, such as 
benzyl or neophyl . 

The alkoxy group includes groups such as 
methoxy, ethoxy, and butoxy. The aryloxy group 
includes groups such as phenoxy. The halogen atom 
includes fluorine, chlorine, bromine, and iodine. 

The SO3R group includes groups such as p- 
toluenesulf onato , methanesulf onato , and trif luorometha- 
nesulfonato. 

When M is a tetravalent transition metal, the 
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metallocene compounds containing a group having a 
cyclopentadienyl ring are represented by formula (II): 

R\R^RV^M ... (II) 

wherein M is a tetravalent transition metal; repre- 
sents a group (ligand) having a cyclopentadienyl ring; 

, R"* , and R^ each independently, represents a group 
having a cyclopentadienyl ring, a C^-C^2 alkyl group, a 
C3-C22cy^^o^^^yi group, a C5-C22 a-ryl group, a Cj-C^2 
aralkyl group, a C^-C2^2 alkoxy group, a Cq-C^2 aryloxy 
group, a C3-Cj^2 t r i al ky 1 s i 1 y 1 group, a SO3R group(R 
being a substituted or unsubst i tut ed hydrocarbon group 
having 1 to 8 carbon atoms), a halogen atom or a hydro— 
gen atom; k represents an integer of 1 or greater; l,m 
and n each, independently, represent an integer of from 
0 to 3 , wherein k+l+m+n is equal to 4. 

In the present invention, compounds represented 
by formula (II) in which at . ,.st two of R^ , R^ , R^ , 
and R^,(e.g.. R^ and R*' ) are groups (ligand) having a 
cyclopentadienyl ring are preferably used. These 
groups having a cyclopentadienyl ring(e.g., R^ and R^ ) 
may be linked together as described above. 

Specific examples of the metallocene compound 
in which M is zirconium are shown below: 
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um 



Bis { indenyl ) zirconium dichloride, bis- 
(indenyl)2irconium dibromide, bis(indenyl)2irconi 
bis(p-toluenesulfonato) , bis(4,5,6. 7- 1 e t rahy dro- 
indenyl ) zirconium di chloride, bis ( fluorenyl ) zirconium 
dichloride , ethylenebis{ indenyl ) zirconium dichloride, 
ethylenebis( indenyl ) zirconium dibromide, ethylene- 
bis( indenyl )dimethylzirconium, ethylenebis ( indenyl )- 

diphenylzirconium, ethylenebis ( indenyl )methy 1 z i rconium 
monochlor ide , ethylenebis ( indenyl ) zi rconium bis (me thane- 
sulfonate), ethylenebis(indenyl)zirconium bis(p- 
toluenesulfonato), ethylenebis ( indenyl )zi rconium 
bis ( tr i f luoromethanesulf onato ) , ethylenebis ( 4,5,6,7- 
terahydro indenyl ) zirconium dichloride , i sopropyl idene- 
( eye lopentadienyl fluorenyl ) zirconium dichloride , iso- 
propyl i dene (eye 1 open tad ienyl-me thy Icy cl open tadienyl )- 
zirconium dichloride , dimethy Isi lylenebis ( eye lopenta- 
dienyl )zi rconium dichloride, dimethylsilylenebis- 
( me thyl eye lopentadienyl ) zirconium dichloride , dimethyl- 
si lylenebi s ( dime thy Icyc lopentadi enyl) z i rconium dichlo- 
ride , dimethyls! lylenebis ( trime thyl cyclopentadi enyl ) - 
zirconium dichloride, dimethy Isi lylenebis( indenyl )- 
zirconium dichloride, dime thy 1 s i ly 1 eneb i s ( indenyl )- 
zirconium bis ( tr if luoromethanesul f onato ) , dimethyl- 
silylenebis(4,5,6, 7-tetrahydro indenyl) zirconium di- 
chloride , dimethy Isi lylenebi s ( eye lopentadi eny 1 f 1 uor- 
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enyl ) zirconium dichloride , dipheny Isi lylenebis-( inde- 
nyl)zirconiuin dichloride, methylphenylsilylene 
bis(indenyl)zirconium dichloride, bis(cyclopenta- 
dienyl ) zirconium dichloride, bis ( eye lope n tad ienyl )- 
zirconium dibromide, bis(cyclopentadienyl)methyl- 
zirconium monoc h loride, bis(cyclopentadienyl) e t hy 1 — 
z i rconi um monochlor ide , b i s { eye 1 open tad i eny 1 ) eye lo- 
hexy 1 z i reon i um monochloride, bis(eyclopentadienyl )- 
phenylzirconium monochloride , bis (cyclopent ad ienyl )- 
benzylzirconium monochloride, bis(cyclopenta- 
d ienyl ) zirconium monochloride monohydride , bis (eye 1 o— 
pent ad ienyl )methylzi rconi um monohydride , bis (cycle- 
pent ad ienyl ) d ime thy Izi rconi um, bis ( eye 1 open tad ienyl ) di- 
phenylzirconium, bis(cyclopentadienyl)dibenzyl- 
zirconium, bis(cyclopentadienyl)zirconium methoxy- 
chloride, bis(cyclopentadienyl)zi r con ium e t hoxy- 
chloride, bis ( eye lope n tad ienyl ) zirconium bis (methane- 
sulfonate), bis (cyelopentadienyl) zirconium bis(p- 
toluenesulfonato) , bis(cyclopentadienyl)zirconium 
bis ( trif luoromethanesulf onato) , bi s (methy Icyc lopenta- 
dienyl)zirconium dichloride, bis( dimethy Icyc lopenta- 
dienyl ) zirconium dichloride , bis (dimethylcyclopenta- 
dienyl)zirconium ethoxych loride , bis(dimethylcyclo- 
pent ad ienyl ) zirconium bis ( trif luoromethanesulf onato) , 
bis (ethylcyclopentadienyl ) zirconium dichloride , 
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bis (methyl ethyl eye lopentadienyl ) zi rconium diehloride, 
bis (propylcyclopentadienyl) zirconium diehloride, 
bis (me thy 1 propyl cycl open tad ienyl ) zi rconium diehloride . 
bis (butylcyclopentadienyl ) zirconium diehloride , 
bis (methyl butyl eye lopentadienyl ) zirconium diehloride, 
bis (methylbutyl eye lopentadienyl ) zirconium bis (methane- 
sulfonato) , bis(trimethyleye lopentadienyl ) z i rconium 
diehloride, bis( te t rame thy 1 eye lopentadienyl ) zirconium 
diehloride, bis( pent ame thy 1 eye iopent adi eny 1 ) z i rconium 
diehloride, bis(hexylcyel opent adi eny 1 ) z i rconium d i- 
chloride, and bis(trimethylsilylcyc 1 opent ad i eny 1 ) - 
zirconium diehloride. 

In the abo V e— enume rat ed zirconium compounds, 
the di-subs t i tuted eye lopent adi eny 1 ring, such as 
dimethy Icyclopentadienyl , can be a 1 , 2-subs t i tut ed ring 
or a 1 , 3-subst i tuted ring; the tri-subst i tuted eyclo- 
pentadienyl ring, such as t r imethy leyclopentadieny 1 , 
can be a 1 , 2 , 3-subst ituted ring or a 1 , 2 , 4-subst ituted 
ring; and the alkyl groups, such as propyl or butyl, 
can be branched or linear isomers, such as n— , i-, sec- 
and tert— alkyl groups. Compounds corresponding to the 
above-described zirconoeene compounds, with the excep- 
tion that the zirconium is replaced with titanium, 
hafnium, vanadium, niobium, tantalum or chromium, are 
also included in the metallocene compounds of the 
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present invention . 

These metallocene compounds can be used either 
individually or as a mixture thereof. They may be used 
diluted with a hydrocarbon or a halogenated hydrocar- 
bon . 

Of the above-described metallocene compounds, 
zirconocene compounds having at least two groups having 
a cyclopentadienyl ring as ligands are preferred. 

The co-catalyst which can be used in combina- 
tion with the metallocene compound includes convention- 
al aluminoxane compounds and compounds capable of 
reacting with the metallocene compound to form a stable 
anion . 

The ethy lene-a-olef in copolymer according to 
the present invention can easily be prepared in a 
conventional manner by using the above-described cata- 
lyst system- In detail, ethylene and an a-olefin are 
copolymerized by liquid phase polymerizat ion ( such as*^ 
solution polymerization or slurry polymerization), or 
gas phase polymerization in the presence of the cata- 
lyst system under a broad range of temperature and 
pressure conditions . 

For example, polymerization in the presence of 
a combination of the metallocene compound and an alumi- 
noxane compound can be carried out in accordance with 
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the processes described in Japanese Patent Laid— open 
Nos. 61-130314, 60-35006, 60-35007, 58-19309, and 60- 
35008 and Japanese Patent Laid-Open No. 3-163088, the 
relevant portions of which are hereby incorporated by 
reference. Polymerization in the presence of a combi- 
nation of the metallocene compound and a compound 
capable of reacting with the metallocene compound to 
form a stable anion can be carried out in accordance 
with a high-pressure ionic polymerization process as 
described in European Patent No. 277,004 and Published 
International Patent Application No. WO 92/01723, the 
relevant portions of which are hereby incorporated by 
r e f e r enc e . 

The melting point of MPE is preferably in the 
range of from 50** to 100*C, in terms of the temperature 
showing the peak of heat absorption for melting as 
measured with a differential scanning calorimeter (DSC) 
at a rate of temperature rise of 10*C/min. 

In particular, the melting point of MPE for use 
in heat-activated labels to be used in a labeler adhe- 
sion method is preferably 50* to 80"C, and that for use 
in in-mold labeling is preferably 70* to 100*C. 

The heat-activated label of the present inven- 
tion is preferably one in which MPE has a melting 
point of 50 to 80*C and which is to be heated and then 
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stuck to a previously prepared molded article (heat- 
activated label for labeler adhesion) or one in which 
MPE has a melting point of 70 to lOO'C and which is to 
be previously inserted into a mold for in-mold decora- 
tion (heat-activated label for in-mold decoration). 

The number of melting points of MPE is 
arbitrary in agreement with the end use, i.e., one or 
more than one. 

MPE preferably has a density of 0.86 to 
0.93 g/cm*^. In particular, the density is more prefer- 
ably from 0,86 to 0.90 g/cm*^ in heat-activated labels 
for labeler adhesion, or from 0.88 to 0.92 g/cm^ in 
heat-activated labels for in-mold decoration. 

If the melting point or the density of MPE is 
lower than the respective preferred lower limits, the 
adhesive tends to cause blocking during storage or 
label release in the summer time. Further, the adhe- 
sive tends to have insufficient hot tack in heat-acti- 
vated labels for labeler adhesion, or tends to cause 
blisters in labels for in-mold labeling. If these 
attributes exceed the respective preferred upper lim- 
its, the adhesive tends to exhibit insufficient adhe- 
sion . 

MPE preferably has a melt index of 0.1 to 
50 g/10 min., more preferably 0.3 to 30 g/10 min., as 
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measured in accordance with JIS K— 7210 (190*'C, 2.16 kg 
load). If the melt index is out of the above preferred 
range, the adhesive is not only difficult to process 
for example, in extrusion into an adhesive layer, but 
tends to exhibit insufficient adhesion. 

In the present invention, MPE is preferably 
used in the form of a film. Therefore, MPE for use in 
the present invention is required to have satisfactory 
processabi 1 i ty in various systems for monolayer or 
multilayer film formation by T— die extrusion, blown- 
film extrusion, and the like. With respect to this 
requirement, it is desirable for MPE to have either one 
of the following characteristics (1) and (2) . 

(1) To have longer branches than those formed by 
an Q-olefin. Existence of such long branches leads to 
improved melt properties and thereby to improved pro- 
cessabi 1 i ty . 

Ethylene— a— olef in copolymers having such long 
branches can be prepared by a convent ional . process as 
described in, PCT Application 093/08221 (corresponding 
to Japanese Patent Laid-Open No. 7-500622 T2 ) , the 
contents of which are hereby incorporated by reference. 
More specifically, ethylene is copolymer ized with an 
olefin monomer and a vinyl compound other than the 
olefin monomer, said viny compound having a relatively 
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long hydrocarbon chain(C3 higher, preferably Cj^g or 
higher) in the presence of a metallocene catalyst to 
obtain a desired branched polymer, i.e., an olefin 
polymer having long branches. 

(2) To have two or more peaks in the molecular 
weight distribution or a relatively broad molecular 
weight distribution. Polymers having this characteris- 
tic contain low-molecular weight components and thereby 
exhibit improved processabi 1 i ty . 

Note that the low-molecular weight components 
referred to above are not those components that have 
such a low molecular weight that they cause blocking 
or bl isters . 

Ethylene-a-olef in copolymers having two or more 
molecular weight peaks or a relatively broad molecular 
weight distribution can be prepared by a conventional 
process as described in Japanese Patent Laid-Open No. 
60-35008 or 7-500859 T2 , the contents of which are 
hereby incorporated by reference. More specifically, 
they can be produced by (1) multi-stage polymerization, 
(2) polymerization using a mixed catalyst or (3) blend- 
ing two or more resins having different molecular 
weight peaks. 

A difference in melt viscosity with a dif- 
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ference in shear rate can be taken as an indication of 
the thus improved melt properties of the resin. The 
"difference" is a difference between the common loga- 
rithm of the viscosity in poise at a shear rate of 
10 sec"-^, which is referred to as77(10), and the 
common logarithm of the viscosity in poise at a shear 
rate of 100 sec"'^ . which is referred to as 77( 100 ), 
i.e.. AlogT? = logT? (10) - log 7] (100). The difference 
^logry of MPE is preferably 0.2 or more, more prefer- 
ably 0.25 or more, most preferably 0.3 or more. With 
this condition being satisfied, further improved mold- 
ability can be obtained. 

Compared with conventionally employed low- 
melting resins, MPE has a sharp molecular weight dis- 
tribution and contains the comonomer component uni- 
formly distributed in the polymer chain. By virtue of 
these attributes, MPE is characterized by the follow- 
ing: the melting point greatly drops linearly in 
direct proportion with an increase of the comonomer 
component; the content of low— molecular components that 
cause stickiness or blocking is extremely low; and high 
transparency is exhibited. 

When used as an adhesive for labels, MPE offers 
the following advantages: 

1) MPE displays sharp behavior in melting and 
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crystallization, which is advantageous for rapid heat 
activation and adhesion. In particular, since MPE has 
a small content of components that melt at temperatures 
below the melting point, blistering due to re-melting 
of the adhesive caused by heat— back (a phenomenon 
where the internal heat of a molded article removed 
from the mold is conducted to raise the surface temper- 
ature of the molded article) observed in in— mold label- 
ing, can be inhibited. In the case of labeler adhe— 
sion, the sharp behavior in melting and crystallization 
is advantageous for rapid solidification. 

2) The melting point can be controlled to conform 
with the molding temperature by adjusting the copoly— 
merization ratio of ethylene and the a-olefin. In 
other words, the heat activating temperature can be set 
arbitrarily according to the method of adhesion de- 
sired . 

3) Because it comprises an a-olefin as a comonomer, 
MPE exhibits high adhesion to olefin resin molded 
articles. Therefore, when the label is adhered to an 
olefin resin molded article, sufficient adhesion can be 
assured at a temperature lower than that required for a 
conventional adhesive having an equally low activating 
temperature. 

4) If the proportion of a comonomer component in 
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conventional ethylene copolymers is increased for the 
purpose of reducing the melting point, the resulting 
copolymer has much increased levels of low— molecular 
components and the refore shows stickiness or causes 
blocking. To the contrary. MPE hardly causes blocking 
and has no stickiness due to the extremely small cont- 
ent of low-molecular components. Therefore, the heat- 
activated labels of the present invention have excel- 
lent processab i 1 i t y in, various processes, such as 
printing, slitting or punching, and excellent handling 
properties in labeling operations, such as in inserting 
into a mold. 

5) When a heat-activated label is required to be 
transparent, MPE can provide an adhesive layer free 
from haze. Thus, a label having extremely high trans- 
parency can be obtained. 

MPE is commercially available under the trade 
names of AFFINITY (PL1845, PF114, SM1250, and HMllOO), 
and ENGAGE (KC8852 and EG8200), all produced by Dow 
Chemical Co., Ltd.; EVOLUE (SP1540), produced by 
Mitsui Petrochemical Industries, Ltd.; and EXACT , 
produced by Exxon Corp, These products are suitable for 
use in the present invention. 

The adhesive which can be used in the adhesive 
layer of the heat-activated label of the present inven- 
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tion can be MPE alone or, if desired, a mixture of MPE 
and other substances. 

Useful substances to be combined with MPE 
include polyethylene resins (such as low-density poly- 
ethylene, linear low-density polyethylene, high-density 
polyethylene, and copolymers of ethylene and 4-methyl- 
1-pentene, vinyl acetate, ethyl acrylate, acrylic acid, 
and methacrylic acid), polypropylene, polystyrene 
resins, polyester resins, polyamide resins, and petro- 
leum resins. 

When MPE is combined with three other substanc- 
es, the other substances are preferably used in a 
proportion of not more than 50% by weight, more prefer- 
ably not more than 30 wt% by weight, based on the total 
adhesive, so as not to impair the characteristics of 
MPE. 

The adhesive layer can be made up solely of the 
above-described adhesive. If desired, the adhesive 
layer can also contain, in addition to the adhesive, 
various additives, such as plasticizers (such as liquid 
paraffin), waxes (such as paraffin wax and polyethylene 
wax), lubricants (such as fatty acid amides and fatty 
acid metal salts), anti-blocking agents (such as organ- 
ic or inorganic fillers) so long as the expected ef- 
fects of the invention are not impaired. 
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The adhesive layer preferably has a thickness 
of 0.5 to 50 \im, more preferably 1 to 20 \im. 

While the heat-activated label of the present 
invention has a multilayer structure composed essen- 
tially of the above-described substrate and adhesive 
layer, it is usually printed to have a printed layer as 
stated previously. If desired, a conventional vacuum- 
evaporated metallic layer, a metal foil, a convention- 
al adhesive layer for bonding two or more layers, or a 
conventional anchor coat layer, can also be provided- 
The substrate can be a single layer substrate or have 
two or more layers. 

Layer structures generally used for the heat- 
activated labels of the present invention are, in 
order from the surface side: substrate/printed 
layer/ vacuum-depos ited metallic layer/adhes i ve layer , 
vacuum— depos i ted metallic layer/ printed layer/ sub- 
strate/ adhesive layer, first substrate/ printed layer/ 
vacuum— depos ited metal 1 ic layer/ second sub s t rate/ adhe- 
sive layer, and the like. If desired, an adhesive 
layer or an anchor coat layer can be provided between 
any two layers in these structures. 

The heat-activated label of the present inven- 
tion preferably has a total thickness of 30 to 300 jim. 
If the thickness is smaller than 30 p.m, the label has 
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insufficient bending stiffness characteristics and is 
difficult to stick to a molded article or to insert 
into a mold. If the thickness exceeds 300 ^im, blisters 
tend to develop, particularly when the label is used in 
in-mold labeling. 

The heat-activated label of the present inven- 
tion can be easily produced as follows. 

An adhesive layer and a substrate are laminated 
by co-extrusion, extrusion lamination (a method of 
extruding a molten adhesive on a substrate having been 
subjected to a preliminary surface treatment), dry 
lamination (a method of laminating a T-die extruded 
film of an adhesive or a blown film of an adhesive on a 
substrate via another adhesive), or other techniques, 
and other layers (such as a vacuum— depos i ted metallic 
layer or a printed layer) are then formed thereon by 
conventional methods. The other layers may be pre- 
viously formed on the substrate prior to the laminat- 
ing of the adhesive layer, if desired. 

In the case of dry lamination, in order to ob- 
tain a label that does not suffer curling, it is 
preferable that a resin layer (second substrate), whose 
dynamic physical properties are similar to those of a 
substrate on which a film of adhesive is to be lami- 
nated (first substrate), is co-extruded together with 
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an adhesive to obtain a laminate film, which is then 
dry— laminated with the first substrate. 

It is preferable to give an uneven pattern to 
the adhesive layer on the side to be brought into 
contact with a molded article (adherend) in order to 
avoid entrapping air between the adhesive layer and the 
molded article on labeling. Formation of an uneven 
pattern is particularly effective for heat-activated 
labels for in— mold labeling. 

The uneven pattern may be regular (e.g., slits) 
or irregular.. The size of the individual bosses or 
recesses inay also be irregular. The height of the 
bosses is preferably 0.3 to 20 \im and the area ratio of 
the bosses is preferably 30 to 90% based on the total 
area of the adhesive layer. 

The uneven pattern can be formed, for example, 
by extruding a film of the adhesive on an engraved roll 
or embossing a molded film of the adhesive using an em- 
bossing roll. The uneven pattern can also be obtained 
by a method comprising forming a dot pattern made of a 
separate solvent-soluble hot melt adhesive (e.g.. an 
ethy lene-viny 1 acetate copolymer) on the adhesive layer 
by gravure printing or a similar technique, or a method 
comprising adding particles of a filler, having a 
relatively large particle size to the adhesive layer. 
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The process for producing the labeled molded 
article according to the present invention will now be 
described in detail. 

The first process according to the present in- 
vention is a process for producing a labeled molded 
article which comprises heating a heat-activated label 
of the present invention and s'ticking the heated label 
onto a previously prepared molded article( a labeler 
adhesion method) . 

Molding materials providing the molded article 
for use in the process of the present invention include 
polyolefin resins, such as ethylene resins and propy- 
lene resins, polystyrene resins, polyester resins, 
polyamide resins, and po ly (meth) aery late resins, with 
polyolefin resins being preferred. The molded articles 
to be labeled with the label of the invention include 
bottles, caps, sheets, films, tubes, pipes, and the 
1 ike . 

The first process preferably includes. a 
process comprising heating a heat-activated label by 
means of a heater to activate the adhesive layer and 
sticking the label while in an activated state onto a 
molded article: and a process, as illustrated in Fig. 
1. comprising fixing a heat-activated label i on a 
heated support 12 with the adhesive layer facing out- 
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side, bringing the label, as fixed on the support 12 
and activated by the heat of the support 12, into 
contact with a bottle 11 (a molded article), and trans- 
ferring and adhering the label 1 to the bottle 11. The 
support 12 is preferably a roll. 

For securing high adhesive strength and reduc- 
ing the time for adhesion, it is preferable to set the 
heat activating temperature as high as possible within 
a range that does not cause deformation of the molded 
article. 

The second process of the present invention is 
a process for producing a labeled molded article com- 
prising producing a molded article by using a mold into 
which a heat-activated label of the present invention 
has previously been inserted( in-mold labeling). 

The molded article according to the second 
process is preferably a blown container (i.e., a hollow 
container obtained by blow molding). In the blown 
container, at least the side to which the label is to 
be stuck comprises a polyolefin resin. 

The blown container includes a multilayer blown 
bottle having, for example, an ethylene resin layer as 
an outermost layer and a barrier layer made of an 
ethylene-viny 1 alcohol copolymer resin as an inner 
layer . 
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The mold to be used in in-mold labeling can be 
any mold that is conventionally used in the production 
of molded articles. 

In-mold labeling can be carried out in any 
manner so long as molding is conducted using a mold 
previously containing the label inside. For example, 
in-mold labeling includes, but is not limited to, blow 
molding (inclusive of extrusion blow molding, injection 
blow molding, etc.), compression molding, pressure 
forming, vacuum forming, and injection molding. 

The heat-activated label can be fixed to a 
cavity wall in a conventional manner, for example, by 
suction or static electricity. 

The resin temperature in the above-described 
in-mold labeling depends on the resin being molded. 
For example, the temperature of polyethylene is 160 to 
240**C in extrusion blow molding, 180 to 260*'C in injec- 
tion molding, and 160 to 240*C in pressure forming and 
vacuum forming. In order to minimize the molding 
cycle, the resin temperature is preferably set low 
within the above ranges. The molding pressure is 1.5 
to 15 kgf/cm in extrusion blow molding and pressure 
forming; 20 to 200 kgf/cm^ in injection molding; and 2 
to 600 mmHg in vacuum forming. Takin^; cooling effi- 
ciency into account, the pressure of pressing the resin 
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onto the mold is preferably set high within the above 
ranges . 

Extrusion blow molding as an embodiment of the 
second process is set forth below in detail by refer- 
ring to the drawings. As shown in Fig. 2(a), resin is 
extruded through a die 21 to form a parison 22. A 
heat-activated label 1 has been fixed in a mold 23. As 
shown in Fig. 2(b), the mold 23 is closed, and air is 
blown intp the inside of the parison 22 at the above- 
required pressure to blow the parison 22 into a con- 
tainer 24 and, at the same time, to adhere the label 1 
to the outer surface of the container 24. 

EXAMPLES 

The present invention will now be illustrated 
in greater detail by way of Examples and Comparative 
Examples, but it should be understood that the inven- 
tion is not deemed to be limited thereto. 

Resins used as an adhesive in the Examples and 
Comparative Examples are shown in Table 1 below. Table 
1 also shows ^logr?, an indication of molding proper- 
ties, of the ethylene-a-olef in copolymers used in the 
Examples . 
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Note: * In a descending order (for a plurality of 
peaks ) . 

** Ethylene— a-olef in copolymer prepared by copo- 
lymer i zat ion using a metallocene compound-containing 
catalyst system. 

EXAMPLE 1 

Labeler Adhesion Method 

A heat-activated label was prepared as follows. 

Homopo lypropy lene (PP) (B200, a trade name, 
produced by Mitsui Petrochemical Industries, Ltd.) and 
the adhesive shown in Table 2 below were co— extruded 
through a T-die into a double— layer laminate film to 
obtain a laminate composed of a substrate and an adhe- 
sive layer. For cooling of the extruded film, a cool- 
ing roll having an uneven surface was used for the 
adhesive layer side to give to the adhesive layer a 
fine uneven pattern comprising bosses having a height 
of 3 ]im and an area ratio of 70% based on the total 
area. 

The substrate was 100 \im thick, and the adhe- 
sive layer was 10 \xm thick. 

After printing the substrate of the laminate 
film, the film was punched into 120 mm long and 60 mm 
wide heat-activated labels according to the present 
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invention . 

As an adherend, a high-density polyethylene 
(HDPE) blown container (about 200 mm high, having an 
approximately elliptical section of about 90 mm in 
major axis and 75 mm in minor axis) produced in a 
conventional extrusion blow molding machine was pre- 
pared . 

The heat— act ivated label was fixed. to a roll 
set at eO^'C with the adhesive layer outside, and the 
label, activated by the heat of the roll, was trans- 
ferred and adhered to the container, 

The same labeling operation was conducted at a 
roll temperature of lOO^C. "lOO^'C** was the upper limit 
of the roll temperature because the container sometimes 
undergoes deformation at label temperatures higher than 
llO'C. 

The adhesive strength of the label on the 
container was measured according to the following test 
method. The result obtained is shown in Table 2. 
Measurement of Adhesive Strength: 

The container with the label adhered thereto 
was cut into a 15 mm wide strip and subjected to a 
tensile test at a rate of pulling of 300 mm/min at 
23*C. The peel strength of the label from the container 
was taken as an adhesive strength. 
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Practical adhesive strength varies depending on 
the use. An adhesive strength of at least 300 gf/15 mm 
is required for those labels which do not need to be 
removed afterward, and at least 100 gf/15 mm for strip— 
pable labels. 

EXAMPLES 2 TO 4 AND COMPARATIVE EXAMPLES 1 TO 4 

Heat-activated labels and labeled molded arti- 
cles were prepared in the same manner as in Example 1, 
except for using the resins shown in Table 2 below as 
an adhesive. The adhesive strength of the resulting 
labels was measured in the same manner as in Example 1. 
The results obtained are shown in Table 2. 
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Adhesive 


Adhesive Strength (gf/lSmm) 






Ro! 1 Temperature : 80 l 


Roll Temperature : lOOX^ 




1 


Mr h 4 


9 0 


3 7 0 


Exajnple No. 


2 


MP E D 


1 3 0 


4 0 0 


3 


MP E 6 


1 0 0 


5 2 0 




4 


\4 O C 7 

M r b / 


1 7 0 


4 9 0 




1 


EVA 2 


1 0 


1 5 0 


Comparative 
Exajiple No. 


2 


EVA 3 


3 0 


2 0 0 


3 


EVA 4 


2 0 


1 7 0 




4 


EMAA 


0 


2 0 



As is apparent from the results in Table 2, the 
heat— act ivated labels according to the present inven- 
tion firmly adhere to the molded article under either 
labeling condition, exhibiting surprisingly higher 
adhesiveness than the comparative labels. Every com- 
parative label exhibited insufficient adhesion at an 
adhesion temperature of 80*.C, causing appreciable 
blisters at the edge area and having very low adhesive 
strength. In particular the label using EMMA (a 
copolymer of ethylene and methacrylic acid) having the 
highest polarity of the adhesives used in the Examples 
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and Comparative Examples 
blisters at either adhesion 
state far from adhesion. 



deve loped considerable 
temperature, exhibiting a 



EXAMPLE 5 
In-Mold Labeling 

A heat-activated label was prepared as follows. 

A 50 ixm thick PP film (SI-60. a trade name, 
produced by Tohceilo Co., LTD.) was printed by gravure 
printing to obtain a laminate film having a printed 
layer (hereinafter referred to as laminate A). 

Separately, PP (B200, a trade name, produced by 
Mitsui Petrochemical Industries, Ltd.) and the adhesive 
shown in Table 3 below were co-extruded through a T-die 
to obtain a double-layered laminate film composed of 
the 50 \xm thick PP film as a substrate and an adhesive 
layer having a thickness of 10 yim (hereinafter referred 
to as laminate B). For cooling of the extruded film, a 
cooling roll having an uneven surface was used for the 
adhesive layer side to give to the adhesive layer a 
fine uneven pattern comprising bosses having a height 
of 3 \im and an area ratio of 70% based on the total 
area . 

The laminates A and B were adhered into a 
single laminate film, with the adhesive layer of the 
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former and the substrate of the latter facing each 
other, by dry lamination via a urethane type adhesive. 
The resulting laminate film was cut into 120 mm long 
and 60 mm wide labels of the present invention. 

Hollow containers labeled with the above pre- 
pared heat-activated label were produced by extrusion 
blow molding as follows. 

High-density polyethylene (5503D, a trade name, 
produced by Showa Denko , K.K.) was fed to an extrusion 
blow molding machine and extruded to form a tubular 
parison of a molten resin (iaO*C). Compressed air 
(5 kgf/cm^) was blown into the hot parison in a mold in 
which the label had been inserted to obtain a labeled 
blown container. 

The cooling time in the mold was 10 seconds. 
Labeled blown containers were produced in the 
same manner as described above, except for changing the 
cooling time to 8 seconds or 6 seconds. 

The resulting labeled blown containers were 
evaluated in terms of adhesive strength and blistering 
as follows. The results of the evaluation are shown in 
Table 3. 

Adhes ive Strength : 

Evaluated in the same manner as in Example 1. 
Bl ister : 
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The label was observed with the naked eye at 
about 24 hours after molding and graded according to 
the following standard. 

A ... No blister was observed. 

B . . .There were blisters which were nearly 
imperceptible at a glance. 

C . . .There were blisters perceptible at a 

glance • 



EXAMPLES 6 TO 9 AND COMPARATIVE EXAMPLES 5 TO 8 

Heat— act ivated labels and labeled molded arti- 
cles were prepared in the same manner as in Example 5 
except for using the resins shown in Table 3 as an 
adhesive. The resulting labeled containers were eval- 
uated in the same manner as in Example 5. The results 
obtained are shown in Table 3. 



44 



r 



2310398A ._I > 



TABLE 3 





Adhes ive 


Adhes i ve 
Strength * 

(gf/lSmm) 


Blisters 


Cooling Time 


10 sec 


8 sec 


6 sec 


Example No. 


5 


MPE 1 


300 


A 


A 


C 


6 


MP E 2 


340 


A 


A 


C 


7 


MPE 3 


4000or more 


A 


A 


A 


8 


MPE 4 


4000or more 


A 


A 


A 


9 


Mr* c 0 


j| AAA-. _ 

4000or more 


A 


A 


A 


Comparative 
Example No. 


5 


EVA 1 


60 


C 


C 


C 


6 


EVA2 


280 


C 


C 


C 


7 


EVAS 


1200 


A 


C 


C 


8 


EMAA 


20 


C 


C 


C 



Note: * Measured on samples obtained by 6-second 
cool ing . 

Examples 5 and 6 offer instances of using, as 
an adhesive, metallocene LLDPE whose melting point is 
relatively high, i.e., about 100*C. The labels of 
Examples 5 and 6 had higher adhesive strengths than the 
labels of Comparative Examples 5 and 6 which used EVA 
whose melting point is lower than that of metallocene 



45 



2310?9eA I > 



LLDPE, exhibiting sufficient strength for practical 
use. Although blisters occurred in the case of 
6-second cooling, no blisters was observed in the case 
of 8-second cooling, proving that these labels are 
practical ly useful. 

Examples 7 and 8 afford instances in which 
metaliocene LLDPE having a lower melting point than 
that used in Examples 5 or 6 was used as an adhesive. 
In the adhesive strength test, interlaminar peeling 
between the adhesive layer and the substrate or a 
failure of the substrate occurred, and the measured 
adhesive strength between the adhesive and the contain- 
er was as high as more than 4000 gf/15 mm. No blister 
was produced for either cooling cycle. 

Comparative Examples 5 to 7 show the results of 
using EVA having different melting points as an adhe- 
sive. Compared with metaliocene LLDPE having equal 
melting points, these adhesives had lower adhesive 
strengths and caused blisters, except in the case when 
cooling was sufficiently conducted in Comparative 
Example 7. 

In Comparative Example 8 using EMMA having the 
highest polarity of all the other adhesives used in the 
Examples and Comparative Examples, the label not only 
had an extremely small adhesive strength but developed 
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large blisters at any cooling time. 

This application is based on Japanese Patent 
Application No. 8-35210, filed with the Japanese Patent 
Office on Feburary 22,1996, the entire contents of 
which are hereby incorporated by reference. 

Obviously, additional modifications and varia- 
tions of the present invention are possible in light of 
the above teachings. It is therefore to be understood 
that within the scope of the appended claims, the 
present invention may be practiced otherwise than as 
specifically described herein. 
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CLAIMS : 



1 . A heat-activated label comprising a substrate having a 
front and a back and an adhesive layer provided on the back of the 
substrate, wherein said adhesive layer comprises an ethylene-a- 
olefin copolymer obtained by copolymerization of ethylene and an 
a-olefin in the presence of a catalyst comprising a metal locene 
compound . 

2. The heat-activated label as claimed in claim 1, 
wherein said ethylene-a-olef in copolymer has a melting 
point of 50 to 80*C. 

3. The heat-activated label as claimed in claim 2, 
wherein said ethylene-a-olef in copolymer has a melting 
point of 70 to lOO^C. 

4. The heat-activated label as claimed in any preceding 
claim, wherein the substrate has a thickness of 40 to 200 um. 

5. The heat-activated label as claimed in any preceding 
claim, wherein the a-olefin is an a-olefin having from 3 to 20 
carbon atoms. 

6. The heat-activated label as claimed in claim 5, 

48 



wherein the a-olefin is at least one member selected from 
propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 1-heptene, 4 
methyl- 1-pentene, 4-methyl- 1-hexene, 4, 4-dimethyl- 1 -pentene, 
octadecene and isooctene. 



7. The heat-activated label as claimed in any preceding 
claim, wherein the ethylene-a-olef in copolymer comprises from 
5 to 30% by weight of the unit derived from the oc-olef 

8. The heat-activated label as claimed in claim 7, 
wherein the unit derived from the a-olefin is present 
in the ethylene-a-olefin copolymer in an amount of from 
10 to 25% by weight. 

9. The heat-activated label as claimed in claim 8, 
Wherein the unit derived from the a-olefin is present 
in the ethylene-a-olefin copolymer in an amount of from 
5 to 20% by weight. 



10. The heat-activated label as claimed in any preceding 
Claim, wherein the metallocene compound is a compound of 
formula ( I ) , 

"""-x (I) 
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wherein M is a transition metal selected from 
2r,Hf ,Ti,v,Nb,Ta,and Cr; L is a ligand selected from groups 
having a cy clopentadi eny 1 ring, C^-Cj^2 hydrocarbon 
groups, Ci-Cj^2 ^^^oxy groups, C6-Cj^2 aryloxy groups, 
tr ialky 1 si ly 1 groups having 3 to 12 carbons, -SO3R 
groups, halogens and hydrogen; wherein R is a Cj^-Cq 
hydrocarbon group that is unsubs t i tut ed or substituted; 
and X is the valence number of the metal M; wherein at 
least one group L must be a group having a cyclopenta- 
dienyl ring. 

1 1 . The heat -activated label as claimed in any of claims 1 to 
9, wherein the metal locene compound is a compound of formula 
(II). 




wherein M is a tetravalent transition metal; 
is a group having a eye lopentadienyl ring; each of R'^ , R' 
and R^ is, independently, a member selected from 

hydrogen, halogens, eye 1 opent ad i eny 1 ' 

ring containing groups, ^i^^i2 ^.Ikyl groups, 03-0^^2 

cycloalkyl groups, <^e^^l2 ^^^^ groups, Cj-C^2 aralkyl 
groups, ^3^-0^2 SLlkoxy groups, Cs^^l2 aryloxy groups, 
03-0^2 trialkylsi lyl groups and -SO3R groups, wherein R 
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is a substituted or unsubst i tut ed hydrocarbon group 
having from 1 to 8 carbons; k is an integer of 1 or 
greater; l.m and n are each, independently, an integer 
from 0 to 3, wherein k-r ' ^m+n=4 . 

12. The heat-activated label as claimed in any preceding 
claim, wherein the metallocene compound is a zirconoene compcr-md. 

13. The heat -activated label as claimed in any preceding 
claim, wherein the ethylene-a-olef in copolymer has a density of 

from 0.86 to 0.93 g/cm^ 

14. The heat-activated label as claimed in claim 
13» wherein the e t hy 1 ene -q-o 1 e f i n copolymer has a 
density of from 0.86 to 0.90 g/cm^. 

15. The heat-activated label as claimed in claim 
13, wherein the e t hy 1 ene-a-o 1 e f in copolymer has a 
density of from 0.88 to 0.92 g/cm^. 

16. A process for producing a labeled molded arti- 
cle, which comprises heating a heat-activated label 
as claimed in claim 1 , and aoplying the heated heat- 
activated label to a surface of a molded article. 
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17. The process as claimed in claim 16, wherein 
said ethylene-a-olef in copolymer has a melting point of 
50 to 80C" . 

18. A process for producing a labeled molded 
article, which comprises producing a molded article in 
a mold, wherein a heat-activated label as claimed in 
any of claims 1 to 15 is inserted into the mold prior to 
producing the molded article. 

19. The process as claimed in claim 18, wherein 
said ethy lene-a-o lef in copolymer has a melting point of 
70 to lOOC*" . 

20- The process for producing a labeled molded 
article according to claim 19, wherein said molded 
article is a blown container, wherein at least a side 
to which the label is to be applied comprises a 
polyolefin resin. 

21. Use of the heat-activated label of claim 1 as a 
label for production of labeled molded articles. 



52 



OOCID: <GB 2310398A__L> 




Office 



Application No: 
Claims searched: 



GB 9703120.7 
1 to 21 



Examiner: 
Date of search: 



R.J.MIRAMS 
8 May 1997 



Patents Act 1977 

Search Report under Section 17 

Databases searched: 



UK Patent Office collections, including GB, EP, WO & US patent specifications, in: 
UK CI (Ed.O): B5N 

Int CI (Ed.6): B32B 7/12, 27/04, 27/32. C09J 123/00, 123/02, 123/04, 123/08, 123/16 
G09F 3/04. 

Other: ONLINE: WPI. CLAIMS. 



Documents considered to be relevant: 



Category 


Identity of document and relevant passage 


Relevant 




to claims 


A 


WO 92/122 12A1 (Exxon) 




A 


US 5, 530,054 A ase) 





X Documctit indicating Uck of novcity or invcoUvc step A Documnt indicazif^ tcctioological bacJc^uod and/or sutc of the an. 

Y Doaimeiu indicating Uck of inveotive siq> if combined V Dooumem published on or after the dcclarwl priority date but before 

with one or more other documeais of same category. the (Uing date of this invention. 

E Patent documcni published on or after, but with priority date cariicr 

Sl Member of the same patcm family than, the filing dale of this application. 



.23 l039aA __!..> 



An Executive Agency of the Department of Trade and Industry 



